Peculiarities of diffuse synchrotron radiation scattering in the SBN-60 single crystal at room temperature  by Bosak, Alexey А. et al.
Available online at www.sciencedirect.com
St. Petersburg Polytechnical University Journal: Physics and Mathematics 1 (2015) 235–238
www.elsevier.com/locate/spjpm
Peculiarities of diffuse synchrotron radiation scattering in the
SBN-60 single crystal at room temperature
Alexey А. Bosaka, Sergey B. Vakhrushevb,c, Alexander А. Naberezhnovb,c,
Polina Yu. Vaninac,∗
a European Synchrotron Radiation Facility, F-38043 Grenoble, France
b Ioffe Physical Technical Institute, 26 Politekhnicheskaya St., St. Petersburg 194021, Russian Federation
c Peter the Great St. Petersburg Рolytechnic University, 29 Politekhnicheskaya St., St. Petersburg 195251, Russian Federation
Available online 31 October 2015
Abstract
The study of Sr0.6Ba0.4Nb2O6 (SBN-60) crystal structure at room temperature and at the zero applied electric field has been
carried out by synchrotron radiation scattering. The wavelength of incident X-rays was λ = 0.7749 ˚A, the λ/λ value was ≈2 ×
10−4. The two-dimensional distributions of diffuse and elastic intensities were obtained and analyzed in the several cross-sections:
(H K 0), (H K 1/2), (H K 1), (H K 2), (H 0 L) and (H H L). As a result, it was shown the coexistence of two different types of
ordering with different correlation lengths and various correlation functions: the first type is described by squared Lorentzian and
the second one – by Lorentzian. The first component is characterized by the correlation lengths ξ (1)ab ≈ 10 nm and ξ (1)c ≈ 15 nm,
the second one is with ξ (2)ab ≈ 3 nm and ξ (2)c ≈ 25 nm.
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Relaxor ferroelectrics [1,2] are essentially heteroge-
neous systems with a disordered structure and a great
number of new and unique physical properties. This
class of compounds includes solid oxide solutions with
perovskite or tungsten bronze structure. Unlike con-
ventional ferroelectrics, phase transition in relaxors is∗ Corresponding author.
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
(Peer review under responsibility of St. Petersburg Polytechnic University).significantly diffused in a wide temperature range (the
Curie region). It should be noted that the values of the
dielectric, piezoelectric, pyroelectric, electrical and non-
linear optical characteristics of relaxors are extremely
high and weakly dependent on temperature [3,4]. In par-
ticular, a large dielectric constant ε has a flat maximum
(from 103 to 105 depending on the composition) and low-
frequency dispersion in the temperature range of 300–
400 K.
The crystals of SrxBa1−xNb2O6 (SBN-x) solid solu-
tions at concentrations x = 60–75% [5] belong to the
class of relaxor ferroelectrics. Parameters of transition
into the relaxor state (temperature and degree of diffu-
sion) are regulated by the compound, i.e. the ratio ofion and hosting by Elsevier B.V. This is an open access article under
0/).
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Fig. 1. The two-dimensional distributions of synchrotron radiation
(SR) scattering intensities in the planes (H K 0) (a) and (H H L) (b) for
Sr0.6Ba0.4Nb2O6 are presented.the [Sr]/[Ba] concentrations [5,6]. The SBN-60 crystal
structure has been refined in [6]. In the high tempera-
ture phase it is tetragonal with a 4/mmm space group,
and the low-temperature phase corresponds to the 4 mm
group with the unit cell parameters: a = 12.4566 (9),
c = 7.8698 (6) ˚A. It should be noted that the structure
of SBN-60 is characterized by modulation vectors q1 =
0.3075(6) (a∗ + b∗), q2 = 0.3075(6) (a∗ – b∗), where
a∗ and b∗ are the vectors of the reciprocal lattice. The
effect of modulation mostly appears in an offset position
of oxygen atoms, i.e. for 0.5 ˚A, and in 4c positions oc-
cupied by barium and strontium atoms. The authors of
[7] have found that the obtained data corresponds to the
structure only in the case of a simplified model in which
this nuclear position 4c is occupied by Sr and Ba atoms
with equal probability. It is worth noting that the authors
of [7] have used only the first order of modulation wave
for the SBN-60 structure refinement, but it is likely that
the complete solution requires the usage of higher-order
satellites and a more complex model.
The purpose of this work was a detailed study and
analysis of the line shape of diffuse and Bragg scattering
in different sections of reciprocal space and to obtain in-
formation concerning the features of the crystal structure
of a single SBN-60 crystal at room temperature.
2. Experiment
The experiment has been carried out on the ID29 line
at the European Synchrotron Radiation Source (ESRF,
Grenoble) in Laue geometry. The wavelength of the in-
cident radiation was λ = 0.7749 ˚A with λ/λ ∼ 2 ×
10−4. The samples were crystal needles about 100 μm-
long. Two-dimensional distributions of scattering inten-
sity at room temperature have been collected using the
PILATUS 6 M detector [8]. Refinement of the matrix
orientation and preliminary reconstruction of the recip-
rocal space were carried out using the CrysAlis soft-
ware package [9]. In total we have received and analyzed
two-dimensional intensity distributions in the following
cross-sections: (H K 0), (H K 1/2), (H K 1), (H K 2), (H
0 L) and (H H L).
3. Results and discussion
The two-dimensional distributions of synchrotron ra-
diation (SR) scattering intensities in the planes (H K 0)
and (H H L) for Sr0.6Ba0.4Nb2O6 are presented in Fig. 1.
The zero site is located in the center of each image.
Arrows (Fig. 1b) indicate the direction of integration; the
1 marker with an arrow is the position of the site (4 4 0);
vertical dashed lines are the direction of integration(4 4 L) and (1.31 1.31 L) are specific families (see the
text and Fig. 2).
In these distributions the main diffraction peaks (with
integer indices) are clearly visible as well as peaks with
non-integer indices. The onset of the latter is associated
with the modulation [6] mentioned above. The principal
diffraction peaks can be indexed in the tetragonal unit
cell with a lattice constant a = 12.37 ˚A and c = 3.91 ˚A.
This is in good agreement with previous diffraction ex-
periments performed on the crystal with a slightly dif-
ferent stoichiometry, Sr0.61Ba0.39Nb2O6 [6]. In the (H K
1/2) reciprocal space plane the scattering intensities lo-
cated at half-integer values of L merge into diffuse peaks.
Similar significantly weaker peculiarities observed in the
reciprocal space planes (H K 0), (H K 1/2) and (H K 1) can
be interpreted as reflections of the second order, grouped
by two or four.
Fig. 2 shows a one-dimensional diffraction pattern
obtained by integration of two-dimensional intensity
distributions in the (H H L) plane along different di-
rections: along a∗ + b∗ (Fig. 2a, see also arrows (H H 0)
and (H H 1/2) in Fig. 1b), along c∗ (Fig. 2b, see also the
arrow in Fig. 1b) through the (4 4 0) site is the (H H L)
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Fig. 2. One-dimensional synchrotron radiation scattering intensity dis-
tributions in SBN-60 along different directions: a∗ + b∗ (a) and the с∗
axis (b). a are the patterns corresponding to the reflections of the (H H
0) and (A 1/2) families, shown respectively with solid and dotted lines;
intensity peaks of the (H H 1/2) family have been increased 25-fold
for clarity; b are the patterns corresponding to peaks of the (4 4 L) and
(1.31 1.31 L) families, shown, respectively, with solid and dashed lines
(see also Fig. 1).
Fig. 3. Lineshapes of SR scattering intensities for the first (a) and the
second (b) component of SR scattering in SBN-60 corresponding to the
half-integer (a) and the whole (b) value of L. The symbols correspond
to the experimental values of intensity, solid line is the approximation.
abvertical dotted line and along the (1.31 1.31 L) vertical
line.
It should be noted that the patterns of these distribu-
tions are fundamentally different. In Fig. 2a solid black
lines correspond to narrow Bragg reflections (scanning
along (H H 0) in Fig. 1b), and the dotted lines (scan-
ning along (H H 1/2) in Fig. 1b) are superlattice peaks
which considerably broaden in comparison with the elas-
tic peaks. Meanwhile it is easy to see (Fig. 2b) that both
type of peaks with the positions corresponding to the
well-known vector modulations are quite sharp and well
described by a Gaussian.
Thus it is experimentally shown that the line width of
the peaks with a half-integer L (we will call this contri-bution the first component of diffuse scattering) is sig-
nificantly different from the inherent line width of elastic
Bragg reflections.
The first component of the diffuse scattering (Fig. 3a)
is well described by the Lorentzian in square along all
directions:
G˜(q) = ξ
2
abξc
2
(1 + ξ 2
ab(q2x + q2y ) + ξ 2c q2z )2
, (1)
Here qx, qy and qz are the components of the reduced
wave vector and ξ ab and ξ c are the correlation lengths in
the a∗ + b∗ plane and along the c∗ axis.
The definition (1) corresponds to the real spatial cor-
relation function
G(r) = exp
(
− r
2(
ξ 2
(
x2 + y2)+ ξ 2c z2)1/2
)
. (2)
238 A.А. Bosak et al. / St. Petersburg Polytechnical University Journal: Physics and Mathematics 1 (2015) 235–238Application of these approximation functions leads
to the value of correlation length ξ (1)ab ∼ 10 nm along
the a∗ + b∗ direction and ξ (1)c ∼ 15 nm along the c∗
axis. Besides this form of the spatial correlation function
shows that in this case the sharp boundary of ordering is
absent.
In addition, there is the second component of diffuse
scattering, observed in the planes of reciprocal space
with an integer L. This component is quite sharp along
the c∗ direction and greatly broadened along the a∗ +
b∗ direction. Fig. 3b shows the profile of observed scat-
tering in the vicinity of one of these reflections (the (5
0 2) site). It is clearly seen that this peak consists of
two components: the fairly narrow elastic Bragg peak
and the broad diffuse scattering belonging to the second
type. The profile of Bragg reflections is easily described
by the Gaussian and it helps to distinguish reliably the
second diffuse component. This component is well de-
scribed by the Lorentzian, and the correlation function
in this case is:
∼
G(q) = ξ
2
abξc
2
1 + ξ 2
ab(q2x + q2y ) + ξ 2c q2z
(3)
Using this fit (3) we have obtained the second set of
correlation lengths: ξ (2)ab ∼ 3 nm along the a∗ + b∗
direction and ξ (2)c ∼ 25 nm along the c∗ axis. It should
be noted that the last value is very close to the value of the
correlation length below the transition temperature in the
relaxor state obtained in the study of critical scattering
of neutrons in SBN-60 [10].
It is important to pay attention to the fact that both
types of scattering are commensurate with elastic re-
flections characteristic for the original SBN60 crystal
structure, so there is no reason to believe that there is a
real two-phase crystal structure. Most likely the hypoth-
esis of coexistence of two types of partial ordering of
cations in the A- and B-channels [11]. The ‘‘snapshot’’
of similar structure can be represented, for example, as
incommensurate ordered cation ‘‘drops’’ in the matrix,
wherein the chains in the neighboring channels practi-
cally do not correlate with each other. It should be noted
that this picture is not obligatory static.
4. Conclusion
The study of the reciprocal space of Sr0,6Ba0,4Nb2O6
(SBN-60) at room temperature have revealed the
coexistence of two different types of ordering with dif-
ferent correlation lengths and different forms of corre-lation functions. The first component of the scattering
is well described by a quadratic Lorentzian and is char-
acterized by the correlation lengths ξ (1)ab ≈ 10 nm and
ξ (1)c ≈ 15 nm. The second component is described by a
Lorentzian (both along the a∗ + b∗ direction and along
the c∗ axis) and is characterized by the small correlation
length in a∗ + b∗ direction (ξ (2)ab ≈ 3 nm) and much
greater length along the c∗ axis with ξ (2)c ≈ 25 nm.
This type of correlation functions confirms the va-
lidity of the hypothesis of the coexistence of two types
of partial ordering of cations in the A- and B-channels,
wherein the chains with local ordering in neighboring
channels do not almost correlate with each other.
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